Twenty-nine staphylococcal isolates from different clinical samples were tested for slime production: phenotypic characterization was carried out using Christensen test (tube test) and Congo red agar plate test (CRA plate test), while the presence and expression of icaA and icaD genes were evaluated by real-time PCR. In 79.3% of studied strains there was a concordance between slime production and presence of icaA and icaD genes, and between lack of slime production and absence of both or only one of the tested genes. In four of five strains where positive phenotype was not associated with the presence of ica genes, gene co-expression (evaluated by mRNA determination) was lacking, while in only a case out of five, there was the presence of transcripts without phenotype. Our study, for the first time, introduces real-time PCR for the detection of both icaA and icaD genes and their mRNA and, furthermore, addresses the relationship between slime phenotype absence and mRNA expression, in clinical isolates of coagulase-negative staphylococci.
Coagulase-negative staphylococci (CoNS), although part of the normal skin and mucosal microflora, are a common cause of nosocomial infections in immunocompromised patients (Pfaller and Herwaldt, 1988;  Kloos and Bannerman, 1994) and the major cause of late-onset sepsis in preterm infants (De Silva et al., 2002) . Furthermore, there is a strong correlation between the use of indwelling medical devices and the emergence of staphylococcal infections (Ziebuhr et al., 1997) . Tight adherence of bacterial biofilm to polymer surfaces is an early pathogenic step responsible for intravenous catheter-related bacteraemia, as well as other prosthetic device infections eventually leading to sepsis (Christensen et al., 1982 (Christensen et al., , 1983 Ishak et al., 1985; Davenport et al., 1986; Dunne et al., 1987; Kotilainen, 1990) . The initial bacterial monolayer adhering to polymeric surfaces is converted to a typical biofilm consisting of bacteria plus an extracellular slime substance (Heilmann et al., 1996) . Adhesion, bacterial proliferation and slime production increase antibiotic resistance, since drugs may not be able to reach bacteria kept in rein in biofilm.
Molecular studies have shown that late phases of adherence, in which organisms first adhere to each other and then elaborate a biofilm, are mediated by polysaccharide intercellular adhesin (PIA), which is synthesized by products of the icaADBC operon (Mack et al., 1996; Chaieb et al., 2005) .
Expression of only icaA induces a low enzyme activity, while icaA and icaD co-expression leads to a significant increase of enzyme activity and to a substantial slime production (Arciola et al., , 2006 .
The aim of this study was the evaluation of correspondence between slime production by clinical isolates of CoNS, evaluated by conventional microbiological techniques, and icaA and icaD presence and expression, by using real-time (RT)-PCR following a home-made protocol. Where any correspondence was absent, we evaluated the co-expression of the genes related to slime production.
Material and methods

Bacterial strains
Twenty-nine CoNS clinical strains of Staphylococcus (20 S. epidermidis, 1 S. chromogenes, 2 S. simulans, 3 S. haemolyticus, 3 S. schleiferi) isolated from blood cultures, wound swabs, intravenous catheters, etc. (Table 1) Phenotypic characterization of slimeproducing ability
Christensen test or tube method
This method consisted of inoculating 9 ml of trypticase soy broth (BBL Microbiology Systems) with a loopful of microorganisms from a blood plate culture and incubating the broth culture tube overnight (18 h) at 37 1C. The culture tubes were emptied of their contents and stained with safranin. Slime production was visible through a film that occurred on tube walls. We estimated the amount of slime production as absent (score 0), weak (score 1), moderate (score 2), strong (score 3) or very strong (score 4) (Christensen et al., 1983) .
Congo red agar (CRA) plate test
CRA was prepared by adding 0.8 g/L Congo red (Sigma) and 36 g of saccharose (Merck), both of which had been previously autoclaved separately, to 1 L of brain heart infusion agar (Oxoid). Plates were incubated for 24 h at 37 1C and subsequently overnight at room temperature (Ziebuhr et al., 1997) . Slime-producing staphylococci grew as black colonies, while non slime-producing strains grew as red colonies (Fig. 1 ). The original test was optimized by using a colorimetric scale with six tonalities: very black, black and almost black were considered as positive results, while bordeaux, red and very red were considered as negative results.
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Genotypic characterization of slimeproducing ability
Bacterial DNA extraction A volume of 100 ml of each broth culture was collected and bacterial DNA was extracted by using a MagNA Pure LC Microbiology Kit M Grade (Roche) according to the manufacturer's instructions. Extracts were stored at À20 1C. Since 2002, the Magna Pure LC DNA isolation kit has been a wellknown and reliable kit for DNA isolation when associated with a LightCycler Instrument (Roche Diagnostic) (Costa et al., 2002; Hougardy et al., 2006) .
Bacterial RNA extraction
A volume of 100 ml of each broth culture was collected and bacterial RNA was extracted by using a MagNA Pure LC RNA Isolation Kit I (Roche) according to the manufacturer's instructions. Extracts were stored at À80 1C.
cDNA synthesis. Reverse transcription was performed using cMaster RTplus Kit and cMaster RT Kit, following a protocol of two-step RT-PCR, according to the manufacturer's instructions (Eppendorf). In brief, first-strand cDNA synthesis is performed separately (using only the cMaster RT Enzyme), allowing the user to run the first-step RT reaction under optimal conditions for first-strand cDNA synthesis at higher concentrations of dNTPs, cMaster RT Enzyme and magnesium. Only a part (1/20-1/5) of the RT reaction mixture is then transferred into the subsequent PCR reaction with the cMaster PCR Enzyme Kit.
Real-time PCR detection
Specific primers for icaA and icaD were synthesized by M-Medical Genenco (Florence, Italy). For detection of icaA, 5 0 -TCTCTTGCAGGAGCAATCAA was used as the forward primer (corresponding to the nucleotides 1337-1356), and 5 0 -TCAGGCACTAA-CATCCAGCA was used as the reverse primer (corresponding to nucleotides 1505-1524).
The two primers include a 188 bp region . For detection of icaD, 5 0 -ATGGT-CAAGCCCAGACAGAG was used as the forward primer (corresponding to nucleotides [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] , and 5 0 -CGTGTTTTCAACATTTAATGCAA was used as the reverse primer (corresponding to nucleotides 2138-2160). The two primers include a 198 bp region ). These primers were used both for bacterial DNA amplification and for cDNA amplification (5 ml of each sample) applying RT-PCR with LightCycler FastStart DNAMaster SYBR Green I, utilizing a LightCycler Instrument (Roche). For determination of icaA, the master mix contained 0.5 mM forward and reverse primers, 2.5 mM MgCl 2 to final concentration and PCR conditions were 95 1C for 10 min for denaturation; the amplification phase included 40 cycles consisting of three steps: denaturation at 95 1C for 30 s, annealing at 56 1C for 30 s and elongation at 72 1C for 30 s. For determination of icaD, the master mix contained 0.5 mM forward and reverse primers, 1.5 mM MgCl 2 and PCR conditions were 95 1C for 10 min for denaturation; the amplification phase included 40 cycles consisting of three steps: denaturation at 95 1C for 30 s, annealing at 61 1C for 20 s and elongation at 72 1C for 30 s. Emitted fluorescence was acquired after each elongation phase. Product specificity was evaluated by melting-curve analysis (icaA T m ¼ 81.1972 1C; icaD T m ¼ 79.0272 1C) (Fig. 2) . 
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Results
Phenotypic characterization of slime-producing ability
In Table 1 , strains tested in this study and their clinical sources are reported. Table 2 shows data related to phenotypic characteristics of the 29 tested strains. Sixteen strains (55.2%) were positive to the CRA test, while 19 (65.5%) were positive when tested with the tube method. Whereas the CRA plate test (Fig. 1 ) allows us to appreciate slime production, the tube test demonstrates the strain's ability to adhere to surfaces and form biofilm. Fourteen strains were positive both to tube test and to CRA plate test, five showed the ability to form biofilm (positive to tube method) but were negative to CRA plate test, while two strains were able to produce slime (positive to CRA plate test) but unable to form biofilm (negative to tube method).
Genotypic characterization of slime-producing ability
As shown in Table 2 , 20 staphylococcal strains were RT-PCR positive for icaA and icaD genes. Among these, 15 were slime producers as demonstrated with CRA plate test and 16 showed the ability to form biofilm in the tube method. Thirteen strains were positive following both gene assays and all phenotypic tests. Six strains with totally negative phenotype lacked either one or both of the tested ica genes. In 23 of 29 tested strains (79.3%), there was a concordance between slime production (CRA plate test) and presence of icaA and icaD genes, and between no slime production and absence of both or only one of the tested genes. One isolate, S. simulans strain 179, showed slime production and a strong ability to adhere to surfaces, although icaD gene was not present.
Furthermore, five strains were CRA plate test negative, but both tested genes were present. To explain this last finding, we decided to investigate transcriptional aspects, in particular the expression of icaA and icaD mRNA. In S. epidermidis strain 128 and in S. haemolyticus strain 420, mRNA of icaA was present, but they lacked icaD mRNA. S. epidermidis strain 148 did not show icaA mRNA, while in S. epidermidis strain 153 both icaA and icaD mRNA were lacking. In order to verify the reliability of the assay, housekeeping gene hsp60 was used to confirm reverse transcription and amplification (data not shown). S. schleiferi strain 299 did not exhibit slime production, although both of the searched mRNAs were present.
Discussion
Different studies have demonstrated that biomaterial adhesion plays a crucial role in conditioning the progress to severe nosocomial infections (Francois et al., 1996) . In particular, staphylococci are able to colonize artificial materials by bacterial production of polysaccharide slime and by presence of adhesins for the host matrix protein, adsorbed onto the biomaterial surface (Christensen et al., 1982; Francois et al., 1996; Montanaro et al., 1998) .
The presence of the icaADBC operon is essential for PIA production (Gerke et al., 1998) : the coexpression of icaA and icaD increases N-acetylglucosaminyl transferase activity and slime production (Arciola et al., , 2006 . IcaB codes for an extracellular protein whose function is still unknown, while icaC codes for a membrane protein that is thought to have a receptorial function for polysaccharidic antigens. Simultaneous expression of all gene products is necessary to PIA synthesis and biofilm formation on polymeric surfaces and autoaggregation in liquid culture (Ziebuhr et al., 1997) .
In our study, positivity at the CRA plate test (used as a phenotypical reference test for slime production) did not always correlate with the presence of icaA and icaD genes, in accordance with Ruzicka et al. (2004) , who demonstrated that 20% of strains with ica genes did not express phenotype. Thus, we evaluated the expression of these genes by means 
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of mRNA presence. Five strains found positive for icaA/icaD genes, but CRA plate test negative, were investigated for icaA and icaD mRNA: in four of them, icaA mRNA or icaD mRNA or both were lacking and so we can explain the absence of phenotype expression. Only one strain presented both genes and mRNAs, but no slime production. To account for this last finding, we can hypothesize a translational or post-translational regulation with production of proteins with low or absent activity, associated with an absent phenotype. We are carrying out further studies to better explain this phenomenon. Moreover, the case of S. simulans strain 179, where the absence of icaD gene was unexpectedly associated with strong adherence and high slime production, can be accounted for by an ica gene-independent control of slime production/ adhesion mechanism (Bartoszewicz et al., 2004) . Slime production and association in biofilm are two parameters of great complexity: they are highly correlated with the environment. Indeed, anaerobiosis and low concentrations of iron strongly increase biofilm expression Cramton et al., 2001 ). On the other hand, recent studies highlighted the role of phenolsoluble modulines that can control the passage from biofilm phase to non-biofilm phase, with subsequent dissemination (Yao et al., 2005) . Moreover, glucose concentration and, even more, glucose uptake of a particular strain, and/or a peculiar phase of the growth curve, can influence ica operon transcription and biofilm expression (Dobinsky et al., 2003) .
This molecular approach represents a highly sensitive method for the evaluation of the ica operon, which, in addition (and not as an alternative) to the CRA plate test, can give a contribution of high clinical impact both to management of antibiotic therapy and to understanding the evolution of infections due to slime-producing and biofilm-forming staphylococci. Previous studies related only gene presence (detected by traditional PCR) to phenotype expression (Arciola et al., , 2006 Chaieb et al., 2005) . Our study, for the first time, introduces RT-PCR for the detection of both icaA and icaD genes and their mRNA and, furthermore, addresses the relationship between slime phenotype absence and mRNA expression, in coagulase-negative staphylococci from clinical samples.
